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Oxygen Separation Techniques

Background

ü Cryogenic Air Separation ïmature 

ÅVery high purity (99+)

ÅLow energy demand at high capacity (4000 T/day)

ÅEnergy demand very high at low capacity (i.e., 10-40 T/day)

ü Pressure Swing Adsorption (PSA) ïmature

Å Purity ~ 90 - 93%

Å Economical at lower capacities (i.e., 300-400 T/day)

ü Polymer Membranes ïmature

Å Low purity (~ 40%)

ü Pressure Driven Oxygen Separation with Ceramic Membranes ïR&D 

Å High purity (99+), ~ 10 T/day

Å Thermal integration

Å Can be economical depending on oxygen permeability

Å Examples: OTM (Oxygen Transport Membrane) 

ITM (Ion Transport Membrane)
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Project Description and Objectives

The overall goal is to develop a small scale and modular air separation unit providing 

10 T/day of high purity oxygen to a 1-5 MW gasifier at low cost and high efficiency

üPlanar design with bilayer structure (membrane/support)

üComposite membrane made of mixed conducting two phase material 

capable of separating oxygen at 700-800ǓC

üUtilize the difference in oxygen partial pressure across the membrane to 

drive oxygen from air (no electrical energy needed for oxygen separation)
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Thin composite membrane(~ 10 ɛm)                  

Porous support (~ 0.5 -1mm)
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Proposed Ceramic Membrane Technology

- Planar design with bilayer structure -

Background

Composite membrane 

üDense

üTwo phase composite

ÅHigh ůi

ÅSufficient ůe

üSimilar TEC

üLimited interaction during firing

üCompatible with glass seal

ü Inexpensive fabrication

üNo electrodes

Porous Support

Å~ 50% dense

ÅTEC match to membrane

ÅMechanical integrity

ÅCo-fired w/ membrane

Ionic Conductor

ÅDoped CeO2

Electronic Conductor

ÅDoped LaMnO3

ÅDoped LaFeO3
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Proposed Ceramic Membrane Technology 

Factors Critical for Project Success

ÅLow-cost materials to enable market penetration and maximize energy 

efficiency

ÅMinimize interactions between ionic and electronic conducting phases

ÅCo-sinter thin composite membrane on low-cost porous supports

without warping and cracking

ÅDesign a planar stack architecture with low-cost fabrication processes
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Project Schedule

Proposed Ceramic Membrane Technology 

Membrane and Support Characterization

Year 1 Bilayer Characterization 

Membrane Oxygen Permeability

Bilayer Interactions

Year 2 Oxygen Permeability Optimization

(Barrier layers, Catalysts)

Preliminary Stack design

Scale up ~ 50 cm2

Year 3 Cell assembly w/ stainless frames & glass seals

Oxygen Permeability Optimization

Cost Analysis

Scale up/show path to 400 cm2

Year 4 Cell assembly w/ stainless frames & glass seals

Oxygen Permeability Optimization

Prototype testing ï50 cm2

Cost Analysis


